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INTRODUCTION 
As there is at present no chemical or physical measurement ~or either 
arginine or lysine vasopressin, and the chemical methods ~or the determination o~ 
the amino acid constituents are not delicate enough to detect the amounts in a 
reasonable (20 ml.) quantity o~ blood, estimates o~ the concentration o~ these 
substances have been made by bioassay. Because o~ the nature o~ the biological 
response to the material, various bioassay methods ~or the vasopressins must be 
done in the intact living animal, rather than the isolated preparation which 
serves ~or many other bioassay techniques. 
Two responses to antidiuretic hormone are o~ use to the bioassayist. 
First, if' the levels of' hormone in the samples are large enough, that is in the 
range of' 500 uU or better 1 mU., advantage can be taken o~ the pharmacological 
influence of' vasopressin in the blood pressure. Blood pressure elevation can be 
shown to be directly related to the logarithm o~ the dose administered. If', on 
the other hand, the material to be studied is in a lower concentration such as 
can be ~ound in normal human subjects (10 to 14o uU. per ml. or in a 20 ml. sample 
200 uU. to 2.8 mU if' 100% is recovered), one must take advantage o~ the physio-
logical reaction of' the enhancement of' the tubular readsorption of' water. 
In the papers studied in the preparation f'or this report, most of' 
the emphasis has been placed on the various methods f'or the physiological bioassay, 
to be referred to henceforth as the"ADH Assay," but a discussion o~ the pharma-
cological bioassay, to be referred to as "pressor assay" will be included. 
The method of' pressor assay is used in bo~ the Pharmacopeia 
of' the United States and the British Pharmacopoeia as the of'f'icial method to 
estimate the potency o~ the of'~cial vasopressin preparations. In the British 
Pharmacopoeia an of'f'icial ADH Assay procedure is also given. 
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PRESSOR M3SAY 
Van Dyke, Adamsons and Engel (70) reported that early attempts at qualitative 
pressor ass~ were performed on large animals, usually the cat or rabbit, in which 
the entire autonomic nervous system was sequestered either by extensive operation 
or decapitation. The sensitivity of these preparations as might be expected, was 
not great. In the case of the cat 100 mU. per kg was necessary to demonstrate an 
effect. Shipley and Tilden (65) devised a method using the pithed rat. In these 
studies the experimental animal was a young male rat, 150-200 gm. body weight, 
anesthetized with sodium amytal, tracheotomized, atropinized, and pithed with a 
stout wire in order to destroy the entire spinal cord. The animal had to be 
maintained by care:ful artificial respiration during the entire assay. Blood 
pressure measurements were made with a mercury manometer connected to a carotid 
catheter and injections were made via the femoral vein. Recently Nielsen ( 49) 
used this method for a comparative study of pressor assays and found that the index 
of discrimination as proposed by Gaddum (30) was low for this method, and one 
using a chemical autonomic blocking agent was superior. 
The standard method for pressor assay used in many laboratories in this 
country is the one outlined in the United States Pharmacopeia (69). This method 
has also been used by Rumsfield and Porter (56) to estimate the activity of 
posterior pituitary extracts. The anjmal of choice is the male rat of unspecified 
weight, prepared by an injection of 10 mg. per kg. of phenoxybenzamine hydrochloride 
solution, administered intravenously 18 hours before the assay. After anesthesia 
with a substance favorable to the maintenance of blood pressure, the animal has 
cannulae inserted into the trachea, the carotid artery and the femoral vein. 
The second is used to record the blood pressure with a specially designed mercury 
manometer, and the last is used to inject the material to be evaluated. The standard 
used is the Posterior Pituitary Reference Standard U.S.P., which is a powdered 
preparation of the posterior lobes of animals used by man for food. Nielsen (48) 
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has called attention to the fact that in recent years the material is obtained 
from beef pituitary lobes only and hence contains arginine vasopressin uncontaminated 
by the lysine vasopressin from hog material. The assay method is specified and 
replicates of two unknown levels and two standard levels are administered in a 
given order. The data are analyzed by an adaption of the method first suggested 
by Bliss (ll) for the assay of penicillin. This method of calculation will be 
discussed later. 
The British Pharmacopoeia (16) also uses a method of pressor assay 
as well as an ADH Assay for the standardization of vasopressor pharmaceutical 
products. The method is essentially the same as the U.S.P. method, but differs 
in some of the prescribed details. The anesthetic specified is a subcutaneous 
dose of 0.7 ml. per 100 gm. body weight of a 25% solution of urethane. In addition, 
200 u. per 100 gm. body weight of heparin is administered and hexamethonium 
tartrate is used as a blocking agent to produce a basal blood pressure level of 
50 mm. of mercury. The doses of standard and unknown are administered in a random 
order at intervals of 6 to 10 minutes. It is also noted that a dose of 6 mU. per 
rat results in a blood pressure rise of 30 mm. 
data obtained is similar to the U.S.P. method. 
The statistical evaluation of the 
Nielsen (49) in his remarks on 
pressor assay called attention to the fact that duplicability was enhanced if the 
resting blood pressure was allowed to return to nearly the same level each time 
rather than adhering to the more rigid time schedule outlined here. 
Another method of pressor assay with a slightly different animal 
preparation was reported by Dekanski ( 23). The animal of choice was a male rat 
of 300 gm. body weight, anesthetized with 175 mg. per 100 gm. body weight of 
urethane administered in the method specified in the British Pharmacopoeia. After 
the surgical procedure used in the Pharmacopoeia was accomplished, a solution of 
100 ug. per 100 gm. body weight of Dibenamine (N-N-dibenzyl-B chloroethylamine 
hydrochloride) was injected via the femoral cannula. This was repeated in ten 
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minutes and ten to twenty minutes later the blood pressure rise due to the in-
jection of a volume of saline equal to that used to contain the vasopressin sample 
was abolished. lhe standards used for establishing the responses to doses in this 
method were both Pitressin and International Posterior Pituitary Standard. lhe 
volume injected via the femoral catheter was varied in a ratio of 0.3 : 0.2 ml, 
and in this range the variation in volume did not affect the blood pressure response. 
All injections were washed into the general circulation with 0.2 ml. of normal 
saline. lhe sensitivity of this assay was reported to be 4 - 12 mU. and the doses 
could be repeated at intervals of 6 to lO minutes without danger of masking the 
response to trachyphylaxis. 
In our laboratory the pressor assay used is a slight modification 
of the U.S.P. procedure. lhe assay animal is the Sprague-Dawley female rat of 
200-250 gm. weight. lhe anesthetic· used is 25% urethane solution 0.7 ml. per 
100 gm. body weight administered subcutaneously. lhe femoral vein is cannulated 
for injection and at the S!lllle time a catheter for pressure measurements is inserted 
into the femoral artery. We think this procedure has advantages. lhe catheter 
placed at this level registers a slightly lower pressure than a carotid catheter, 
but as pressure difference from the resting to the response level is the criteria 
to be judged, this is of minor importance. Of advantage is the fact that one 
avoids operation on the animal at two sites, and also avoids the reflex centers 
in the neck and carotid artery and does not interrupt the blood supply to the brain. 
In addition, this catheter can be placed by the experienced operator with very 
little or no blood loss. 
lhe second variation from the U.S.P. method is the use of Ansolysin 
(pentolinium tartrate) 2.5 mg. per 100 gm. body weight, and administered sub-
cutaneously through the operation site as first suggested by Peart (52). In our 
hands, Ansolysin gives a level of parasympathetic blocking Where an abolishment 
of blood pressure rise due to the volume of the injection is reached within 30 to 
45 minutes, and the 18 hour wait and intravenous administration of Dibenzyline is 
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avoided. With animals prepared and treated in this way we rarely have to 
implant a tracheal cannula. 
Pressor ass~ can be described as a reproducable and simple tool 
for the estimation of vasopressin. Its accuracy and precision are good. The 
lambda value reported for these ass~s were 0.049 to 0.015 in the report of 
Nielsen (49) 'While Dekanski (23) reports a value of 0.0215. Lambda has been 
defined by Bliss (11) as the standard deviation of a single response computed 
from all relevant data divided by the slope of the dose-response curve. It 
can be considered an estimate of the precision of the assay, and the lower the 
value the more precise the estimate is shown to be. 
Although the simplicity and precision of pressor assay has been 
stressed, several precautions in its use for the estimation of vasopressin must 
be noted. Sundry body substances that circulate in blood can also cause pressor 
responses, and these effects should be eliminated by preparing and testing a 
portion of the material in which the vasopressin has been inactivated by 
appropriate means, and any pressor response exhibited should be considered non-
specific for vasopressin and be substracted from its response. Inactivation of 
vasopressin will be discussed later. Among the biological substances which can 
produce a large alteration in blood pressure is 5-hydroxytrylamine or serotonin. 
A review of the effects of this material presented by Page (51) states that it 
is found in platelets and is released 'When the platelets are involved in the blood 
clotting process, hence direct injection of serum rather than plasma should be 
avoided. In addition, there is some recent evidence that the type of vasopressin 
investigated~ have some effect on the assay. Although vanDyke, Engel and 
Adamsons (72) showed the effect of arginine and lysine vasopressin were the same, 
recently Nielsen (49) has disputed this finding. His data as interpreted by the 
Chi Square Test showed significant differences between the effect of hog (LVP) and 
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beef (AVP) materials. If these findings are correct, one must be careful of both 
data comparing strength of the two materials to each other, and data based on 
Pitressin, "Which is a mixture of extracts from both hog and beef material, with no 
standard composition. 
ANTIDDJRETIC ASSAY 
As stated before, the tubular readsorption of water and the cellular 
inhibition of water are the known physiological actions of vasopressins. It is 
not strange that these normal responses should be tried by the bioassayist to serve 
as a basis for the measurement of the hormone. It is also no surprise that these 
responses can be considered more sensitive "When applied to an animal in maximal 
diuresis "When the kidney is at maximal or near maximal effort and the animal's own 
output of the hormone is suppressed by changes in the osmolality of the blood. In 
addition, the specificity of response should be much greater as no other substance 
has been shown to act to promote the tubular readsorption of water, "While many 
have exhibited pressor actions by various stimulations of both nervous tissue and 
muscular elements in the blood vessel walls. 
Although most consideration of this type of assay, its methodology, 
limitations and advantages will be confined to the assay in the rat, some con-
sideration will be given to ass~s developed utilizing other animal preparations. 
ADH ASSAY USING THE DOG 
Vying with the rat as an assay animal is the dog. A typical assay 
method utilizing this animal is the one used by Ames, Moore and van Dyke (2) in 
"Which an unanesthetized trained female dog was used. The animal was hydrated with 
water until a flow rate of 5 ml. per minute was obtained, and all injections were made 
into the vein of the fore limb. An indwelling catheter was put in place and the urine 
was expressed from the bladder by air injection at 5-minute intervals. The volumes 
of the samples were measured and recorded. The response was a decrease in the urine 
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flow as COI!Ipared to the flow before injection of the sample. In the authors hands 
a sensitivity of 0.25 mu. per animaJ was demonstrated, but the discretion between doses 
in the 0.25 to 1.0 mU. ra.nge could not always be demonstrated. The standard used in 
these experiments was Pitressin, and no statistical evaluation of the method was 
presented. Hare, Hickey and Hare ( 36) used a similar preparation with a different 
measurement of response. In their experiments the test animal was administered 100 ml. 
of a 5% creatinine solution by gavage two hours before assay. During the assay the 
urine was taken every 10 minutes and a blood sample every hour, and both were analyzed 
for creatinine by chemical methods. A variation in the ratio of urinary and plasma 
levels of creatinine was selected as the index of response. The sensitivity of the 
method as estimated from the graph presented was 0.1 mU. of Pitressin. 
This assay animal has been reported by vanDyke, Adamsons and 
Engel (70) to be superior to the rat, especially "When materials such as urine extracts 
must be used. The rat reacts to the non-specific inhibitors of diuresis contained in 
such materials much more rapidly than the dog. The response, however, is to much 
higher dose levels than the rat, usually from 0.5 to 2.5 mU. with an occasional animal 
sensitive to 0.1 mU. This is about 100 times as great as the sensitivity claimed 
for the average rat assay. Thorn ( 68) also notes that the dog can become conditioned 
to injections of antidiuretic hormone and thus the sensitivity can drop due to this 
factor. The largest single objection to the method, however, seems to be the assay 
animal itself. The dog is a large animal, and for assay it must be specially prepared, 
housed and trained. In some assays these animals are required to lie still on a 
table for six hours during the assay without any type of anesthetic or tranquilizer, 
and of course, during all this time are responsive to any alterations in their environment. 
ADH ASSAY USING THE RABBIT 
Another lll8.llllllll.lian form that has had use as an assay animal is the 
rabbit. Thirty years ago, Anselmino, Hoffmann and Kennedy (4) used a method with the 
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fasting rabbit as an assay animal. The sex and weight of the animals was not speci-
fied. Each animal received a water load of 90 ml. delivered by stomach tube and 
the material for the test was concentrated to a 10 ml. volume and injected sub-
cutaneously. The parameters of measurement were both urine flow and the excretion 
of chloride in the expressed urine. A sensitivity of response to 0.15 u. of 
Pituigan, a pituitary preparation produced by Henning, was claimed. Walker (73) 
in a more recent paper also used the rabbit as an experimental animal. His animals 
were non-fasted males of unspecified weight which were hydrated with 100 ml. of 
water by gavage several hours before the test. Just before injection of the test 
substance 500 ml. of additional water was given per kg. of body weight. The animal 
was quieted by a dose of 1 ml. per kg. of paraldehyde intravenously, subcutaneously 
or intramuscularly, the author noting that the route of administration made no 
difference. The index of response was the collection of urine and the recording 
of the changes of volume at 10-minute intervals. Sensitivity claimed for this 
method was at least 0.5 mU. per animal with an occasional animal sensitive to 0.2 mU. 
A final example of the use of this animal is contained in an 
article by Lindquist and Rowe ( 44). This method specifies the use of small to 
medium size rabbits of either sex, given 3 mg. per kg. of morphine and 1.5 gm. 
per kg. of urethane for anesthesis by intraperitoneal injection. No hydration 
of the animal was used, and a 20 - 4o ml. of a 20% glucose solution was administered 
intravenously to start diuresis. A saline infusion of 50 ml. was administered 
and the urine was measured at 5-minute intervals for 45 minutes. The test 
solution was then injected and the volume also recorded for a similar period of 
time. The index of response was the depression of urine flow caused by the 
injection. No statistical evaluation was presented. The sensitivity claimed 
was 0.1 mu. which gave a 6.2% depression of urine flow in these animals. 
Pitressin was used as a standard. 
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The assays done in this animal have been subjected to more criticism than 
any other type of assay. Thorn (68) noted the unsuitability of rabbits for assay 
due to their unsteady glomerular filtration rate and the ready production of anti-
bodies to foreign substances 'Which would interfere with subsequent assays if the 
animal were prepared and used as the dog is used. VanDyke, Adamsons and Engel (70) 
also comment on the lability of the renal circulation in the rabbit and its adverse 
effects on the assay. Certain details of the methods presented are also doubted 
to be the best methods for use in these assays. The use of morphine as an anesthetic 
or depressant may have an adverse effect. Two years before the presentation of 
the method using morphine, deBodo (22) showed that morphine markedly inhibited 
diuresis in the normal hydrated dog, but not in the diabetes insipidus dog. It 
does not potentiate injected vasopressin in the latter animals,and as an intact 
neurohypophysis is essential to the effect it was felt morphine releases vasopressin. 
In addition, Briggs and Munson (15) have shown that in single doses morphine may 
stimulate the release of ACTH although multiple doses block the effect. McCann 
and Brobeck (45) have presented evidence indicating that most, if not all of ACTH 
release is stimulated by vasopressin from the animal's own stores. Although some 
of these findings have been questioned they seem to form a reasonable basis for 
avoiding morphine when more suitable agents are at hand. Also the use of the 
various sites of injection may be questioned. Both vanDyke, Adamsons and Engel (70) 
and Thorn (68) have criticized the use of subcutaneous injections. The grounds 
for this are that pain caused by these injections and the subsequent tissue dis-
tension may release endogenous vasopressin, or affect the renal hydrodynamics 
by other means. Intramuscular injection has not been used in any of the other 
papers reviewed, but the remarks against subcutaneous administration may well apply. 
It is also unfortunate that in the papers reviewed no attempts have been made to 
evaluate the data by presenting a graph of the log-dose relationship or a statistical 
analysis. 
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ADH ASSAY USIOO AMPHIBIA 
In passing from methods involving ma.nnnalian f'orms to amphibian 
f'orms, it is of' interest to note that Burn and Grewal (20) have presented ex-
perimental evidence that man himself' could f'orm the experimental model f'or an 
assay method of' vasopressin. They demonstrated a "regression line" exists between 
the response to vasopressin and the dose in ranges of' 180 to 1500 mU. This 
information has more academic interest than use as an assay method and it could 
f'orm the basis of' a physiology experiment on posterior pituitary hormones. 
The use of' amphibia as assay animals has recently been advanced 
by Buchborn (17) in Germany. In this method, the experimental animal was the 
sexually mature male toad, 25-50 gm. body weight. These animals were hydrated 
by placing them in cool tap water f'or 8 hours. They were then divided in groups 
of' f'ive, and each group injected with the sample in a solution equal to 5% of' 
its body weight. The standard used was an especially purified Pitressin supplied 
by Du Vigneaud. The injection was placed in the dorsal lymph sac and the toads 
were then observed f'or diuretic inhibition f'or 2 hours af'ter injection. This 
was compared with the mean diuretic values in the same group taken f'or 3 hours 
bef'ore injection to give an index of' response. The sensitivity claimed f'or this 
method is 0.01 mU. and the range from 0.01 to 1.5 mU. per animal. The use of' 
amphibians is not new in the assay of' (ADH). In l94o, Boyd and Mack (14) proposed 
a method using uptake of' water in the common leopard frog as an index of' vaso-
pressin. concentration. The animals were hydrated by keeping them in tap water 
at 4°C. The test substance was administered in the dorsal lymph sac and the 
animal was returned to the bath. All animals were weighed every 3 or 4 hours 
until a peak water uptake was noted, (usually 45 hours af'ter injection) and these 
values were compared with controls. The standard use in these early experiments 
was Pituitrin, and groups of' 50 animals were required f'or each assay. No sensitivity 
was stated. 
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These assays are simple to perform but have disadvantages. First, 
the specificity can be questioned, as the normal hormone present in Amphibia is 
vasoto.cin. Although AVP and LVP are closely allied substances, physiological 
differences have been shown between them, and vasotocin in higher forms and a 
reverse of these differences may exist in the frog. Secondly, the assays require 
4o to 50 animals for each assay and no statement is made of the possibility 
of reuse of these animals. The housing and maintenance of large colonies of 
amphibia, especially at reduced temperatures might present a problem which would 
influence the acceptance of these methods in some laboratories where other 
methods have been found to be satisfactory. 
ADH ASSAY USING THE MOUSE 
The use of the members of the order Rodentia form the bulk of the 
papers consulted for this report. Several of the older methods consulted refer 
to the use of the mouse as an assay animal. T,ypical of these methods was that 
of Nelson and Woods ( 4 7) • The assay animal used was the white mouse of unspecified 
weight, sex or strain, kept under uniform conditions. The animals were hydrated 
'With a dose of 5% body weight of distilled water injected intraperitonially, 
and no anesthetic was used. The test solution was injected 'With this dose. The 
animals were placed in special collecting funnels and the urine excretion in a 
3-hour period was compared 'With controls. The standards used were Pituitrin "0" 
or Posterior Pituitary Standard U.S.P., and the sensitivity of the assay was 
30 mU. per gm. of body weight, as there was a loss of discrimination between this 
dose and lower doses. A test required at least 30 mice, divided into a control 
group and two groups at two concentrations of the tested material. The data 
presented were not avaluated for accuracy or precision as an assay method, although 
the suggestion was advanced that it could serve as one. Heller and Blackmore (38) 
have presented a better method of analysis using the mouse. The assay animal 
was the adult white mouse, unaesthetized and preconditioned by administration of 
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5% body weight of water per day for 3 days preceding the assay. On the day of 
the assay the animals were given three doses of 5% body weight of water, and if 
501> of the dose was excreted before the third dose, the animal -was used. The 
material under test was injected intravenously in a volume of 0.05 ml. per 10 gm. 
body weight. The index of response was depression of urine flow expressed as 
mean urine volumes in terms of percent of the water load administered. The sensiti-
vity and range of the assay claimed -was lQ-50 uU. per 10 gm. body weight. The 
standard -was Pitressin. In the review articles of both Thorn (68) and vanDyke 
et al (70), methods involving the use of mice have been criticized. The former 
author called attention to the small body size of these animals as a limitation to 
assay work, and stated that they die too easily under assay conditions. The latter 
author, while crediting the assay methods with ranges of 0.01 to 0.05 mu., called 
attention to the small volume that can be injected intravenously as a limiting 
factor. As with the amphibian assays the number of animals required per assay 
is large, and this may be a limiting factor in some laboratories. 
ADH ABSAY USING THE RAT 
The earliest use of the rat as an assay animal for antidiuretic 
hormone -was reported by Brun (18) and later presented in a slightly expanded form 
in his book (19). The method called for the use of 16 male rats deprived of food 
for 18 hours as assay animals. The animals were divided into groups of 4 rats 
each, and the groups were used to give two levels of standard and two levels of 
unknown material in the 2 x 2 assay design. Each animal -was hydrated with 5 ml. 
of tap water per 100 gm. body weight and immediately injected subcutaneously with 
the standard or unknown contained in a volume of 0.2 ml. per 100 gm. body weight. 
The groups of four rats were placed in the same cage, and the 
volume of urine excreted by the group was collected and measured at 15-minute inter-
vals. The index of response was the time from injection to the maximal rate of 
-13-
excretion. A delay in this time frOl!l the start to the maximum was considered 
as a response. Comparison o:f responses was made by the ratio o:f log doses. The 
standard used in the development o:f this method was Posterior Pituitary Standard 
Powder containing a 2 U. per ml. as diluted, and the sensitivity noted was a 
usual response to 4 mU. per 100 gm. body weight. It is interesting to note here 
that Burn's ( 18) original paper presented data on both the unsuitability o:f 
:females :for this assay and the necessity :for starvation be:fore the assay. The 
method was also reported in use by vanDyke et al. (71) "Who hydrated by intra-
peritoneal injection. Gilman and Goodman (31) in their classic studies o:f dec 
hydration e:f:fects also used Burn's method with some important variations. The 
animals used were hydrated 3 hours be:fore use with a water load o:f 2 1/2 o:f their 
body weight. An additional 1 ml. per 100 gm. was given with the administration 
o:f the test substance via the subcutaneous route. The index o:f response was 
slightly varied from that used by Burn ( 18), in that the excretion o:f 50'/o o:f the 
water load was used as the end point. The animals were shown to give a signi:ficant 
time delay upon the administration o:f 5 mU. o:f Pituitrin. Noble, Rinderknecht 
and Williams (50) in work on the possible presence o:f ADH "augmentor" substances 
also used Burn's (18) method with the modi:fied response index used by Goodman 
and Gilman ( 3l). They also called attention to the :fact that in their hands 
an intraperitoneal injection was essential. Subcutaneous injections o:f Posterior 
Pituitary Standard, they thought, were poorly adsorbed due to local action, 
and this casted doubt on all measurements involving subcutaneous administration. 
Ham and Landis ( 35) also used Burn's ( 18) method and modi:fied 
it :for their own uses. The groups o:f rats were reduced :from 4 to 3 and a primary 
hydrating dose o:f 2.5% body weight was administered 2 hours be:fore injection. 
At the time o:f injection 5% o:f body weight o:f :fluid was administered by gavage. 
The hydrating :fluid in this case was not plain water but 0.2/o saline "Which was 
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claimed ~o give a more consistent level of diuresis than plain water. The 
samples and standards were injected intraperitoneally in a volume of 1 ml. per 
100 gm. body weight. Pituitrin was used as a standard and the range of the assay 
was from 0.5 to 10 mU. per rat. The indices of response were two in number, 
the excreted urine was collected for 3 hours after injection and its volume was 
measured at 15-minute intervals; this was converted into ml. per 100 gm. body 
weight and entered on graph paper. The area under the curve drawn connecting 
these points in square inches gave a value 'Which could 1be compared with standards. 
In addition, estimations were made of the chloride content of the urine, and 
this also was used as an index. No statistical evaluation of the method was 
included. Ralli et al. (54) also used the method detailed above with estimates 
of the chloride excretion by the vanDyke method as an index of response. The 
sensitivity claimed was 10 mu. per rat, but serious doubt must be cast on the 
results due to the fact that the animals were deprived of both food and water 
for fifteen hours before the experiment, and this would result in a dehydrated 
animal with different water handling abilities. 
Although these related methods using groups of animals have had 
wide use and are considered by many to be specific and accurate, they have been 
subjected to question by some. As Thorn (68) points out, these assays are based 
in the most part on Pi tressin standards 'Which may contain varying amounts of 
arginine and lysine vasopressins and also may be contaminated with an unknown 
quantity of oxytocin. All of these substances have various effects on urine 
flow, and the use of this material as a standard is open to doubt. Also noted 
in this review is the importance of the injection site being used. Both sub-
cutaneous and intraperitoneal injections are to be suspected. The former because 
if large doses are used, the pain and distension 'Which result can cause an endogenous 
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release of vasopressin, especially in the conscious animal. The latter may give 
false impressions of potency due to the binding of the hormone to protein sub-
stances in the abdominal cavity. Van Dyke et al. (70) indicated the same criti-
cisms of dose administration. In addition, the large number of animals used, 
the long time required for a single assay, and the lack of adaptability of the 
method to automation may be considered limitations by some workers. 
Stien et al. (66) have proposed an assay method Which has found 
favor with some workers, as it involves the use of a single animal. The animal 
of choice was the fasted male rat, unanesthetized and hydrated by gavage with 
two equal doses of fluid before the test. The first hydration with 5 ml. of 
warm 0.2% saline was given one hour before the second dose Which was followed 
at a 20 minute interval by the test dose, injected intraperitoneally. The index 
of response selected was the alteration in a reciprocal of the urine volume 
at 60 minutes, divided by the volume at 20 minutes as compared with a control 
value. The standard was Pitressin and the sensitivity claimed was O.l mU. per 
animal. A statistical analysis was done and a lambda value of 0. 3287 was given 
for the analysis of the data. Later, Rabasa and Bergmann (53) suggested an 
alteration in the index of response by eliminating the 20 minute volume measurement 
and the ratio and substituting the volume from the 20th to the 60th minute. 
This "V-4o" measurement has been suggested to increase the precision of the 
method. Ginsberg and Heller (32) introduced a modification of this method to 
allow intravenous injections into the unanesthetized animal. A jugular cannula 
was inserted the day before and let through a skin incision between the ears. 
The animal was heparinized and injections were made via the cannula followed 
by a rinse containing heparin. The index of response used was the decrease of 
urine flow rate between two 20 minute periods before and after injection expressed 
as a percent. The paper also presented a study of index of response Which indica-
ted that in order of value in this type of assay in the unanesthetized animal, 
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percent antidiuresis is superior to urine volume measurement, and that in turn 
to maximum fall in urine flow. Also data were given to show 6 - 9"/o of body weight 
was the most effective water load. In another paper, Heller (37) called attention 
to the importance of the volume of the injection. As an example, a dose of 0.1 mU. 
gives a 52-57% response in a volume of 0.4 ml. and only 18% when administered in 
a volume of 1.6 ml. in the same rat. 
In the last ten years, three more assay methods on the unanesthet-
ized rat have appeared. Crawford and Pinkham (21) have proposed a method using 
250 gm. Sprague-Dawley male rats especially trained to accept intraperitoneal 
injections and gavage. Hydration was novel in the fact that body surface rather 
than weight was used to calculate the dose, 350 ml. per sq. m. being recommended. 
Injections were always of the same volume, 0.5 ml., and Pitressin was used as a 
standard. The index of response selected was a calculation involving both 
changes in urine volume over a 45-minute period after injection, and changes in 
osmolality. A statistical analysis was presented and a lambda value of 0.13 was 
claimed for the method. McCreary et al. ( 46) have advanced a method using a 
technique similar to Stein et al. The outstanding differences in this method were 
the substitution of the female rat for the male and the use of the area under a 
curve plotted for a three-hour water excretion after subcutaneous administration 
of the test material as an index of response. As common with most of these assays, 
Pi tressin was used as a standard. 
In 1959, Hunter, Kalant and Ogilvie (4o) suggested a new approach 
to the problem with the use of a conscious, tranquilized animal. The preparation 
of the animal was complex and involved the placement of special adapters in the 
stomach and bladder for subsequent attachment of cannulae. These operations were 
done the day before the assay. On the day of use, light ether anesthesia was 
-l7-
used to implace a jugular cannula. In addition, a dose of perphenazine (Trilafon 
Schering) l mg. per lOO gm. boey weight was administered to tranquilize the animal. 
One and one-half to two hours later the animal was reaey for assay. The index of 
response was the measurement of urine volume at one minute intervals and the cal-
culation of the "inhibited" volume. This was an estimate of the possible urine 
flow calculated from the volume per minute before and after the response, minus 
the actual urine production during this period. The sensitivity of 25uU. of 
Pitressin per rat was claimed and the statistical evaluation presented showed a 
lambda value of O.l43. Gordon and Kalant ( 34) subsequently published a modification 
in wich the animal had the jugular cannula placed the day before use, and a 
hydrating dose of l% ethyl alcohol was substituted for the tranquilizer. With 
these modifications the diuresis started sooner and the animal could be used for 
a greater number of tests. 
The criticisms advanced against the older methods apply also for 
the newer set presented here. The use of Pitressin standards should be avoided 
and the injection site is still a matter of concern. The amount of fluid per 
lOO gm. boey weight to be administered to secure maximum diuresis in these pre-
parations has been increased by Ginsberg and Heller (32) from 5 and 6% to 9% on 
reliable experimental evidence. The importance of the sex of the experimental 
animals in ADH assay has been introduced here, but a discussion of the evidence 
on this point will be presented later in this paper. 
ADH ASSAY IN THE ALCOHOL ANESTHETIZED RAT 
The development of the method in use in many laboratories has 
extended over a period of more than twenty years. The basic idea of an assay in 
an animal detached from environmental effects as much as possible by an anesthetic 
wich also suppresses the endogenous release of the hormone is attractive. The 
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first evidence for the suppression of ADH release as cited in many papers was 
the work of Eggleton ( 29) who found administration of varying doses of alcohol 
in man caused varying amounts of diuresis which could be inhibited by injections 
of posterior pituitary extract. Methods and variations in methods are most 
numerous in this type of assay. This fact can be interpreted in two ways, -
either the method is so difficult many variations must be tried, or conversely, 
it is so simple that everything within reason will work. Due to the numerous 
methods presented, and the similarities in many, it has been decided to compare 
the methods on several criteria, and note the similarities and variations rather 
than detail each of the methods by itself. 
l. SELECTION AND PREPARATION OF THE ASSAY ANIMAL 
Fourteen papers found in the literature gave enough detail to show the 
development or a modification of an existing method and warranted their inclusion 
here. The sex of the assay animal used seems to be almost evenly divided into 
those using the female, (1, 7, 26, 27, 41, 48, 67) and those using the male 
animal (3, 8, 16, 42, 59, 64). The only variation in this case was Dettelbach's 
(24) use of the castrated female. The weight utilized most frequently for these 
assays was that of the young mature animal of 180-250 gm. Share ( 62) and 
Thorn (65) suggested the use of more mature rats, the former specifying a 300 -
400 gm. male and the latter a 250-300 gm. female. Surgical preparations of 
these animals exhibited many variations. Most of the papers reviewed used the 
preparation originated by Dicker (27) consisting of the implantation of a catheter 
in the bladder through an abdominal incision, and the insertion of some type of 
catheter in the jugular vein. Several authors have suggested methods which seem 
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to be less stressful to the animal. Jeffers et al. (41), Itch (4o) and Dettelbach 
(24) avoided the neck and implanted a catheter in the femoral vein through a skin 
incision. Dettelbach (24) and deWied (26) did not incise the bladder, but rather 
catherized from the outside to avoid surgical stress. In addition, deWied avoided 
all possible surgical shock by substituting a tail vein injection for femoral 
vein injection, thus eliminating any skin incision. In all cases where hydration 
was maintained, it was done by gavage tube inserted after anesthesia. The most 
extensive surgical preparation used was in the method of Albers and Brightman 
(l), in which the urethra was cannulated for urine measurement, the femoral vein 
was cannulated for injection, the peritoneal cavity was cannulated for alcohol 
anesthesia, and the rectum was cannulated for hydration. Preconditioning of 
the rat was not mentioned in Jeffers' (41) original paper and several others which 
specify modifications Of his technique (3, 8, 4o, 58). Most of the other assays 
(l, 7, 16, 47, 62, 65) used the method suggested by Dicker (27) which was 
deprivation of food either overnight or for 18 hours, with the animal allowed 
free access to water. 
Two methods suggested more elaborate preparations for analysis. 
Dettelbach (24) used a painstaking system of daily administration of 5 or 10 ml. 
of water over a period of weeks. The animal to be used was selected from a group 
of three animals after hydration and anesthesia by the criteria of the largest 
urine output within one hour after hydration. The author claimed a selection of 
9af, successful animals by this technique. DeWied adapted his animals in a 
similar way with gavages of 10 ml. of o.2% saline, three times a week for several 
weeks. He (26) also selected the largest urine producer from a group after 
anesthesia. One last mention of variation in animal preparation should be made. 
Itoh ( 4o) used animals 3 to 6 weeks after the establishment of a state of diabetes 
insipidus by means of electrolytic lesions placed in the hypothalamus. He claims 
this increases his sensitivity from 20 to l uU. per 100 gm. of rat. 
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In discussing the preparation and type o:f animal used, several comments 
may be given. Although the sex o:f the rat to be used is specified in all the assay 
methods reviewed, unfortunately no direct comparison o:f the e:f:fect o:f sex on this 
type o:f assay has been presented in any o:f the papers. As successful assays 
have been reported by authors using one sex or the other, it may be a point o:f 
minor illlportance in the assay. One piece o:f evidence which may indicate that this 
point is worthy o:f more attention than it has received is Dettelbach's (24) 
rationale :for the use o:f the castrated :female. He reported a variation o:f lo% 
in the output o:f 2{o saline loads in the rat in estrus, and metestrus as judged by 
vaginal smears. The higher level was obtained in estrus, but it is apparently an 
e:f:fort to stabilize this variation that led to his use o:f castrates. In our 
laboratory, the use o:f :females as a standard anilllal has been evaluated during 
the original establishment o:f the method used by Dril. Dingman and Arilllura (6). 
f"", At the present tillle, a reevaluation is in progress to determine i:f the use o:f 
either males, :females or castrates has any definite advantages. The use o:f the 
young anilllal in the hands o:f nearly all the investigators mentioned seems to 
establish this item, and we have had our best success with animals o:f this weight. 
One rather obvious advantage o:f using an animal o:f a lighter weight 
is the reduction o:f the total dose required to elicit a response. For example, 
i:f the sensitivity o:f the assay is 3.5 uU. per 100 gm. body weight, a 200 gm. 
animal would only require a total dose o:f 7 mU., while a rat with a body weight 
o:f 350 gm. would require a total dose o:f 11.75 uU. In the analysis o:f samples 
o:f normal blood with low levels o:f vasopressin this can be an important :factor. 
As to surgical preparation, many investigations in our laboratory have pointed 
out the principle that the minimum o:f surgical trauma o:f any type is the desirable 
state. Especially to be avoided, we have :found, is the neck region with its 
large supply o:f nerve and reflex centers. Even the :femoral vein with the necessary 
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handling of the nerve intimately associated with it should be avoided. The tail 
vein wnich can be cannulated from the outside with ease by the experienced operator 
is the injection site of choice. Tne cannulation of the bladder from a suprapubic 
incision has the merit of reducing the bladder dead space by a low tie around the 
catheter. This is considered essential, as it eliminates bladder responses and 
allows a free and continuous urine flow. The insertion of a catheter through 
the urethra has been shown to give a longer cessation of urine flow than the 
surgical procedure, probably due to the pain caused, as this is not an easy 
accomplishment in the rat. In the proper placement of the suprapubic cannula, 
attention is not called to the necessary precautions in any of the papers reviewed. 
These are: 1., the smallest possible incision, 2., avoidance of blood loss by 
incising the most avascular portion of the bladder, and 3., the avoidance of 
any entry of urine into the peritoneal cavity. 
Preconditioning the rat by gavage with water has been shown by 
Dr. Gonzales to have definite advantages in securing a good diuretic animal. 
This is probably largely a matter of training the rat to accept a gavage tube 
and a considerable volume of water with a minimum of trauma and struggling, 
and the concomitant discharge of endogenous antidiuretic hormone. Deprivation 
of food is very fUndamental. Burn (18) in his original paper presents such a 
strong case for this that it is a surprise not to find it mentioned in some of 
the papers. Itoh's (41) use of the DI animal to increase sensitivity has been 
questioned after trials in the past. Crawford and Pinkham (21) report in a 
personal COI!D1lunication from Lief and Mamby that this method was tried and did not 
reveal any increase in sensitivity. In addition, the preparation is not easy, 
requiring as it does special equipment and skill. The attack of concentrating 
the hormone to usable levels seems to offer more advantages than reducing the assay 
method to its ultimate sensitivity. One last fact that has not been discussed in 
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the literature reviewed here should be mentioned: Heller, Herdan and Zaidi (38) 
have presented a paper in Which they have reported a seasonal variation in response 
to vasopressin. The data presented suggested a response to a smaller dose in the 
spring and summer. Discrimination between doses seemed to be best in the summer 
While the relative variability in response to a specific dose seemed most stable 
in the winter. Measurements of the variations in mean temperature, relative 
humidity and barometric pressure were given as the rats seem to have been main-
tained in ambient conditions. The greatest variations were, as would be expected, 
in the temperature ranging from 37°F in the winter to 52°F in the spring and 6oOF 
in the summer. As the effects seem to operate at the lowest doses used, these 
data are not entirely convincing but they point out one fact. Advantage is to 
be gained by housing the animal in the best of conditions with variations in 
temperature, humidity and even hours of light kept as minimal as possible. 
2. HYDRATION OF THE ASSAY ANIMAL 
In five of the papers reviewed the hydrating dose of fluid was 
administered after the anesthetic dose of alcohol as originally proposed by Jeffers 
(42, 2, 8, 24, 41). The rest of the methods (1, 7, 16, 26, 48, 64, 67, 70) specifY 
administration of the hydrating fluid according to the system proposed by Dicker (27); 
that is, about one hour before the administration of the anesthetic. Suggestions 
of the proper amount to be given also vary; most authors suggesting the retention 
of 5% of body weight dose suggested originally by Jeffers (3, 8, 26, 27, 41, 42, 
63, 67). Other authors (1, 7, 24, 48, 59) have increased the water load to 8 or 
even 10% of the body weight. On the other hand, the British Pharmacopoeaia (16) 
in its official method required a 3 ml. per 100 gm. of body weight water load. 
All of the methods used the administration of the hydrating fluid as a single dose 
given by gavage tube. The material used for hydration specified in all but two 
cases was plain tap water. In a few methods, attention was called to the need for 
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warmi.ng the solution to body temperature. Dettelbach ( 24) specified the use 
of 2% ethyl alcohol for this purpose, and deWied (26) used the same alcohol 
concentration in 0.2% saline. 
Comments on this area of assay can be brief. Hydration before 
anesthesia may result in struggling and discharge of endogenous ADH, but this 
can be subverted either by animal training or skill on the part of the operator. 
Administration of the anesthetic first may lead to its more rapid adsorption in 
the unhydrated animal, but the alcohol content may cause gastric distress if 
undiluted by the hydrating dose and give some endogenous release. This is 
probably a small effect and also the administration of the anesthetic first 
results in only one handling of the conscious rat to gavage it. Water is the 
most universal hydrating fluid followed by 2% alcohol and then by alcohol in 
dilute saline. In our laboratory, we anesthetize the rat first, and then one 
hour later hydrate it with 2% alcohol in dilute saline ( 0. 2%). A closing remark 
on the reason for the use of saline should be made. We think that such a large 
water load ( 6-lo%) of the animal's body weight) administered in a short time and 
consisting of only water might so dilute the plasma as to cause hemolysis of 
the red blood cells and secondary effects in the kidney. The administration 
of normal saline, on the other hand, in large doses in dogs has been shown by 
Shannon ( 62) to expand both the plasma and extracellular fluid volumes and lead 
to a stimulation of the glomerular filtration rate and cause variations in the 
rate of excretion of sodium. It was felt that this also should be avoided. 
For these reasons the suggestion of deWied (26) of the use of 0.2% saline 
hydration was followed. 
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3· SELECTION OF ANESTHETIC AGENT AND INJECTION SITE 
In all of the methods reviewed, anesthesia was induced by the administration 
of 12% ethyl alcohol in a dose of 5% of the rats body weight by gavage. This 
idea was originally suggested by Jeffers (42). Maintenance of the anesthetic 
state during the assay was usually accomplished by the administration of 2% 
alcohol by various methods. The earlier methods used before Dicker's (27) 
demonstration of the necessity of constant hydration did not try to maintain 
stable hydration or anesthetic levels. The only other different technique 
was suggested by Albers and Brightman (11) who used an intraperitoneal catheter 
and injected 25% ethyl alcohol by this route as often as needed for maintenance 
of a proper anesthetic level. 
Most of the necessary things about alcohol anesthesia and its maintenance 
have already been said in the introduction. The use of 2% alcohol for hydration 
and maintenance of anesthesia has the further recommendation that it lends itself 
to the design of automatic methods. We use both the 2% alcohol and automation 
in our laboratory. The reason for using alcohol has been covered, but it might 
also be of interest to include the reasons for not using other common anesthetics. 
The most common in use in the laboratory is ether. Ether has been known to 
produce antidiuresis since the early work of Jeffers (42). A possible role of 
this substance has been suggested in the work of Royce and Sayers (55). In 
their paper, ether has been shown to excite the release of ACTH before it depresses 
it. This may be due to a release of vasopressin which, as discussed before, 
has been shown to exert this action. The vasopressin discharge would produce 
an elevation of blood levels of ADH and depression of urine flow. Barbiturates 
have also proven useless as anesthetics forADH assays because, as it is well 
known, barbiturates are excellent depressants and hypnotics, but they do not 
depress the pain reflex even with large doses. This reflex, triggered by 
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a surgical procedure, causes the release of ADH and subsequent antidiuresis 
for a time long enough to make the assay difficult to accomplish. Sawyer (60) 
in his recent work has found the use of the commercial barbiturate preparation 
Inactin a satisfactory anesthetic in these assays. The use of this material 
in a dose of 7 - 10 mg. per 100 gm. of body weight was first suggested by 
Wirz (75) in his kidney micropuncture experiments. He suggested that Inactin 
was satisfactory because: 1., the blood flow to the kidney remained constant; 
2., extensive surgery could be done without cessation of urine flow, and 3., 
the colligative properties of the urine were not changed as they were by alcohol. 
In conclusion, it may be noted that all the injections were made by the intra-
venous route. The reasons for the selection of this route over all others 
has been covered in a previous section. 
4. INJECTION VOLUME 
The effect of using varying or large volumes of fluid in intravenous 
injections has been discussed previously. It was considered important to survey 
the methods reviewed to see if there was a consideration of this point. In 
only two papers, Dicker's (27) and Nielsen's (1<9) -was definite mention made of 
deliberate volume variations of 1.0 to 0.5 ml. of fluid. In several (l, 3, 8, 
64, 67) no mention is made of this point. The rest of the papers specified 
definite maximal volumes that could be injected. Bratz and Ingraham ( 7) used 
a 0.7 ml. injection followed by a 0.1 ml. -wash. Both Jeffers et al. (42) and 
Dettelbach (24) cautioned that the volume should not exceed 0.5 ml. and the 
latter stated that a volume between 0.05 and 0.2 was better. Sawyer (59) and 
deWied (26) both specified a 0.2 ml. injection volume. Itoh (41) and the British 
Pharmacopoeia (16) both used volumes which vary with the weight of the animal. 
The former specified 0.1 to 0.2 ml. per 100 g. of body weight, and the latter less 
than o.l ml. for the same quantity. In our laboratory experimentation has shown 
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that a standard volume of 0.1 ml. for the sample, followed by a 0.2 ml. rinse 
of saline is best. This is injected through a special adapter which allows 
both the sample syringe and the injection tubing to be rinsed by the saline. 
In numerous trials we have not detected a response to an equal volume of 
saline (0.3 ml.) in an animal "Which was later found to be useful for assay. 
5 • THE INDEX OF RESPONSE AND ITS MEASUREMENT 
A complete consideration of all the variables presented under these 
headings in the papers would be most tedious. Each author has presented a 
favorite method of response estimation, a slightly different method of calculation 
or a different twist in automation "Which he felt improved the method in his 
hands and contributed to its accuracy, sensitivity or precision. The most 
important points will be covered and subjected to comment. Most (3, 8, 16, 24, 
26, 41, 42, 48) of the methods reviewed used changes in urine flow or volumes 
as an index of response. In many cases the flow was recorded by some means 
at short intervals of a minute or two, then the data which were so laborously 
collected were lumped into volume per large unit of time and this was used 
to calculate the index favored by the author. These range from the simple 
percent decrease suggested first by Dicker (27) to more elaborate measurements 
of areas under curves to give an index of response. Other indexes of response 
have appeared in the literature. Both Ba.ratz and Ingraham (7) and Thorn (68) 
have suggested the estimation of the variations in specific gravity or density 
of the urine excreted during a response as an index. This required the collection 
of the urine in separate containers and the estimation of its density by the 
falling drop method in tubes of immicible liquids of varying densities. 
Albers and Brightman (1) and Share (63) used still another index, that of 
changes in urine conductivity. To obtain this index a small, constant current 
was impressed upon a segment of the urine flowing between two electrodes, 
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changes in the electrolyte concentration caused changes in the resistance of 
the urine and hence variations in the voltage Vhich can be measured by the approp-
riate electronic means. Sawyer (59) has measured both conductivity and urine flow 
by introducing tubular electrodes into the catheter Vhich conducts the urine to 
the drop counter. 
Measurement of the response if of interest from another aspect because 
the more recent methods have used increasingly more automation in both recording 
the changes in flow or conductivity and correlating these losses of body water 
with means Vhich will restore the proper degree of hydration. In the earlier 
methods (3, 8, 42), the urine volume was measured directly by means of a special 
small graduates. The first attempt at automation was reported by Boura and 
Dicker (13). Their apparatus was constructed to measure small but definite volumes 
of urine output and count these in relationship to time with a resetting counter 
and a kymograph. At the same time the machine dispensed to the animal an amount 
of ';$ alcohol equal to the urine loss plus a small quantity to compensate for 
other losses of body water from the breath or skin. Others (16, 41, 48) have used 
this means of hydration and recording without any change. DeWied (26) and Dettel-
bach (24) both used the drop counter method of recording urine flow. In these 
methods the drops of urine were allowed to close an electrical contact Vhich 
triggered a resettable electromechanical device ( Throp impulse counter) Vhich in 
turn make a kymograph recording. Sawyer (59) used a similar method, but by sub-
stituting an electronic stepping switch and a series of resistances was enabled 
to use an electronic recorder Vhich also allowed the simultaneous recording of 
changes in conductivity on the same graph. 
In commenting on the index of response, two criticisms can be noted. 
Baratz and Ingram (7) have stated that flow as an index of antidiuretic response 
is open to doubt, as it cannot differentiate between glomerular filtration and 
tubular readsorption. Sawyer (59) on the other hand, doubted the efficiency of 
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the measurement of other indexes, especially that of conductivity, and called 
attention to the possibility of the urine mixing as it passes from the kidney to 
the point of measurement. Flow would not show this artifact. Recording of 
response should take as much advantage of modern technology as possible. The 
assay method, involving as it does, long waits between responses and the ever 
important need for a constant degree of hydration, needs automation. In our 
laboratory in the past, Arimura and Dingman (6) have used the method of Dicker 
(27) with good results. At present we are designing a modified method which, it 
is hoped, will improve the automation. In brief, the rat will be automatically 
dehydrated as his weight changes and both conductivity and drop flow measurement 
will be done and recorded as suggested by Sawyer. Also provision will be made 
to maintain the animal at a constant temperature by recording his rectal temperature 
and using this measurement to turn on and off a source of external heat. When 
this method of recording is complete we hope to evaluate the area under a curve 
derived from the total response as an index of antidiuresis. 
STANDARDS AND SENSITIVITY 
In all of the methods described here with the exception of two, the 
standard used was Pitressin supplied by a commercial drug house. The exceptions 
were found in the British Pharmacopoeia (16) and the work of Sawyer (60). In 
the former the standard used was Posterior Pituitary Standard B.P. which is an 
extract of the posterior pituitaries of beef animals. The latter uses a highly 
purified material from the laboratory of DuVigneaud containing arginine vaso-
pressin only. 
In comparing the sensitivity claimed for each method, some confusion 
arises from the way this is presented by the various authors. Some give these 
measurements in milliunits and others in microunits(lo-6 unit.) Some express 
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the results in units per rat, while others use units per 100 gm. of body weight. 
For comparative purposes, all results have been converted to microunits and ranked 
in order of increasing sensitivity. Tne lowest sensitivity claimed was that of 
Thorn ( 65) of 60 uU. per 100 gm. BW. This was followed by that of Baratz and 
Ingraham (7) of 30 uU. per 100 gm. BW, and Jeffers et al. of 20 uU. per rat. Both 
of the papers of Share (63) and Ames and van Dyke (3) claim sensitivity of 10 uU. 
per 100 gm. BW. The three claims to the greatest sensitivity are those of Dicker 
(27) of 3.5 uU. per 100 gm. BW and Itch (41) using the D.I. rat, of 1 uu. per 
100 gm. BW.and Dettelbach (24) of 2 uU. per rat. 
In commenting on these results one must focus a critical eye on 
the standard used. It is unfortunate that almost all data in this field rest on 
the use of Pi tressin as a standard. This is a commercial preparation and although 
readily available has the disadvantage that the suppliers use both porcine and 
beef glands to manufacture it and the proportions vary depending upon the supply. 
As an example, Sawyer (59) when questioning the supplier concerning one batch 
found it to consist entirely of hog material. As is well known, the hog material 
contains lysine vasopressin and the beef material contains arginine vasopressin. 
There has been some discussion on the antidiuretic effects of both hormones. 
VanDyke et al. presented findings that there was very little relative potency 
difference between AVP and LVP on rat ADH assay (AVP 100, LVP 110). These 
findings are open to some comment as the author used a subcutaneous injection 
and one of the older techniques. Thorn (68) called attention to this and stated 
in his review article that there is a definite difference in potency. Sawyer (59) 
contradicted these findings and presented evidence that the rat response to AVP 
and LVP is the same in intensity but dissimilar in length of action, AVP having 
the shorter action. In any case, avoidance of a standard that could contain a 
n haphazard mixture of two hormones seems indicated. In our laboratory we use 
Posterior Pituitary Standard U.S.P. which is derived from beef glands. This 
-30-
contains only AVP but may be grossly contaminated with other interfering sub-
stances, such as Substance P or oxytocin. What is needed is a good, pure and 
stable preparation containing a high percentage of AVP, but the expense and the 
lability of AVP has not made this standard a practical matter at this time. The 
claims for sensitivity of the various methods are given without comment other 
than that of Dettelbach (24) Who noted no correlation between response and body 
weight and questioned results expressed in units of response per 100 gm. of 
body weight. 
1. STATISTICAL ANALYSIS AND RESULTS 
In three of the papers studied (3, 37, 59) no attempt was made to 
present any analysis of the data, although Dicker ( 27) did give a graph showing 
a relationship between the % drop in urine flow and the amount of the dose. 
The log dose response relationship was indicated by graphic presentation in the 
works of Itoh (41), Ba.ratz and Ingraham (7) and Jeffers et al. (42). In addition, 
Jeffers has calculated a standard error. Several of the recent papers have 
included a lambda value. This concept originally introduced by Bliss (ll) has 
been discussed previously. It will be remembered that it is derived from the 
standard deviation of a single response divided by the slope of the log dose 
response line and represents an index of precision of a bioassay. The smaller 
the figure the more precise the assay appears to be. The values given are 
Share (63) 0.135, Thorn (67) 0.144, deWied (26) 0.184 and Dettelbach (24) 0.232. 
The methods used by Albers and Brightman (1) and the British Pharmacopoeia (16) 
make no attempt to derive a dose response relationship, but rather use the four 
point assay system that has been described under pressor assay for each individual 
animal. 
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Comments on these findings have been made by Bliss and Cattell (12) who 
cautioned against using a log dose response curve directly for converting any 
given response to units of standard preparations. In their review they made 
clear that it is always preferable if not essential to derive a dose response 
relationship for each animal using appropriate levels of standard and compare 
it statistically with the responses given by an unknown. By this means the effect 
of fluctuations in the position of the slope from animal to animal are eliminated. 
In conclusion it is thought of interest to present the lambda values 
for various rat assay methods which have been collected from several sources 
(4o, 66) in table I for comparative purposes. 
TABLE I. INDEX OF PRECISION OF VARIOUS ADH ASSAYS 
METHOD AUTHOR LAMBDA 
Rat, unanesthetized Stein et al. 
---
(66) 0.33 
Rat, tranquilized Hunter ( 4o) 0.143 
Rat, alcohol anesthesia Jeffers et al. ( 42) 0.25 or 0.22 
Rat, alcohol anesthesia Dicker (27) 0.19 
Rat, alcohol anesthesia Share (63) 0.135 
Rat, alcohol anesthesia Thorn (67) 0.144 
Rat, alcohol anesthesia DeWied (26) 0.184 
Rat, alcohol anesthesia Dettelbach (24) 0.232 
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EXTRACTION METHODS 
As the normal quantity of vasopressin in circulating blood is small 
(in humans less than 8 uU. per ml.) and assay methods in normal use have sensi-
tivities greater than these levels, the bioassayist is confronted with a problem. 
Two solutions suggest themselves. First, a more sensitive assay method could be 
discovered or secondly, the vasopressin from a fair-sized sample of blood could 
be extracted and concentrated to give levels detectable by bioassay. The first 
alternative is at present unattainable, and will be no doubt, until a newer 
chemical or radioisotobe labeling method is devised. The second road also has 
its pitfalls as extraction methods must be nearly complete if they are to be 
usefUl, and also they must be very gentle as the vasopressin$ contain extremely 
labile chemical groups and the breakdown of the molecule at any of several 
points destroys or lowers its biological activity. 
In the methods reviewed in all previous portions of this paper, 
twenty-one papers make no mention of the material injected, as they are concerned 
with the development of an assay using standard materials. Eight of the papers 
describe the injection of unaltered urine or plasma into the assay animal either 
from an animal of its awn species or another species. Six of the papers (2, 4, 71, 
35, 54, 73) make mention of the concentration of urine or plasma by dialysis 
through cellophane membranes or collodin sacs, usually after acid treatment. This 
method of concentration does remove the salts and small molecules such as urea 
from urine and makes it less toxic to the assay animal, but the larger molecules 
remain behind. In our laboratory we have found that lysine or arginine vasopressin 
that has been radioactively labeled passes through a cellophane membrane. The 
molecule of vasopressin has a molecular weight of only about 1000, and if the 
material is acidified and the vasopressin released from its carrier protein, a 
variable amount can be lost in the dialysate depending upon the length of the time 
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of dialysis. Thus dialysis cannot be thought of as a method of concentration 
but rather as a method of purification of urine or plasma from small toxic molecules. 
It is also well to note that larger protein or protein-like materials which may 
affect the rate of urine flow by non-specific effects are left behind. 
In the past 5 years an entirely new concept in the concentration 
and extraction of vasopressin from biological fluids has appeared in the literature. 
These methods are largely applications of the newer techniques of chromatography, 
lyophilization and the use of ion exchange resins. 
The earliest method developed using these newer concepts Yas that 
of Bisset and Lee (9) who claimed to have recovered 75% of the pressor activity 
added to whole human blood in the form of posterior pituitary extract from a human 
source. In general, the blood was added to 9 volumes of 80% ethyl alcohol, 
acidified with sulfUric acid, shaken and centrifuged. The supernatant was flash 
f", evaporated at less than 5ooc. The resulting small volume was then centrifuged 
again and the supernatant dried in vacuum to a final volume of 2 to 3 ml. This 
YaS then dialyzed in a cellophane bag for a 45-minute period, neutralized and 
assayed. The authors also conducted some experiments with Pituitrin or Pitocin 
and reported a 60% recovery of these materials. Both oxytocic and vasopressor 
activity were recovered and no attempt was made to separate the two substances. 
In a later paper the Pituitrin which was reported to have a low or variable 
vasopressin content YaS replaced by Pitressin and the recovery reported from this 
material from human blood was 52?/o. 
Ginsberg and Smith (33) in a recent paper have reported a method 
of separating oxytocin from heparinized plasma. The plasma was simply extracted 
cold with two separate portions of chilled acetone. The acetone was removed by cold 
evaporation and the aqueous residue YaS washed with ethyl ether. After the ether 
remaining in solution was removed with hot air, the material was adjusted to the 
proper ionic sodium and potassium levels and analyzed. This method YaS reported 
to remove only oxytocin, and the final extract had little or no pressor or anti-
diuretic activity. It is mentioned here as an interesting possibility for the 
development of a method for the separation of vasopressin and oxytocin. 
Jessup et al. (43) reported a year and a half ago an entirely 
---
chemical method for the recovery of both added and endogenous ADH activity from 
both blood and urine. The first step in the use of blood was the separation of 
plasma. The plasma proteins were precipitated by the use of phenol and glacial 
acetic acid and the material was centrifuged. The supernatant was treated the 
same as a urine extract. Urine was first adjusted to pH 5 and flash evaporated 
at 50°C to 20% of its original volume. This extract, either of blood or urine, 
was extracted three times with an equal volume of phenol. The phenol extracts 
were pooled and mixed with 3 volumes of ethyl ether and this mixture was extracted 
three times with water. The final product was dried in vacuo at 50°C, washed 
with absolute ethanol and made up to an adequate volume with water. Burn's 
method was used to evaluate the recovery and the authors reported a recovery 
of 85% of 2 mU. of Pitressin added to 100 ml. of urine, and a recovery of 80% 
of 0.5 mU. added to 100 ml. of blood. This method is of interest because it 
is simple, direct, and requires a small expenditure of time and inexpensive 
chemicals. It is unfortunate that it was tried on such large volumes of blood. 
If the same rate of recovery could be obtained in smaller volumes and with 
less than the 5 uU. per ml. added, it would be a method of great value. 
In closing this section of extraction methods of possible 
use to the bioassayist, mention will be made of the method of Saffran et al. 
(58). These investigators used the time-honored method of percolation that 
has been used by pharmacists for centuries to extract drugs. A mixture of beef 
pituitary powder and Hiflo Supercel, a cannnercially available cellulose material, 
was prepared and placed in a percolator. Solutions of various strengths of 
acidified alcohol were allowed to drip on the mixture. The best extraction was 
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obtained from a mixture of 7af. ethyl alcohol containing from 0.5 to 0.2'/a acetic 
acid. Electrophoresis of this material gave a single peak and concentrated the 
material to 450 u. per mg., a very high activity per unit weight. Although this 
method is not presented as an extraction method for blood or urine, it may have 
some application. It is evident that percolation can separate a very pure 
fraction containing a high activity of the hormone. At this stage it may be 
contaminated with CRF, but this is removed by electro-phoresis. If the method 
separates vasopressin from the contaminants present in pituitary powder, it is 
conceivable that it could act similarly for plasma, blood or an extract of 
these materials. The problem Which is not solved by the authors' a~proach and 
Which, of course, would be of prime necessity to the bioassayist is the percent-
age of recovery of a known amount of material. 
The use of the weak catonic exchange resin IRC 50-XE 64, for 
the extraction of vasopressin was first described in length by Sachs (57) Who 
used it to extract vasopressin from the Whole pituitary gland. The resin is 
a special finely ground (200-400 mesh) size of the standard IRC-50 ion exchange 
resin. The same year the use of this resin in an analytical separation was 
described by workers in the same laboratory. Weinstein et al. (74) experimented 
with Posterior Pituitary Standard U.S.P. added to Whole blood in amounts that 
varied from 50 to 4oo mU. per 100 ml. These samples were added to 2 times 
their volume of cold 15% trichloracetic acid to precipitate the protein. The 
mixture was centrifUged, decanted and the precipitate was washed twice with 
half ~uantities of 5% trichloracetic acid. The extracts were combined, filtered 
and extracted three times with ether. The remaining clear solution was adjusted 
to pH 4.5 and passed through the prepared column of resin. After washing with 
acid, the vasopressin was eluted with the 3af. pyridine, 4% acetic acid mixture 
first described for elution of corticotropin by Dixon and Stack-Dunne (28). The 
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eluted material was caught in a flask containing an acid solution of cystine 
which served to protect the extremely labile disulfide bridge in the vasopressin 
molecule by a mass action effect. This is especially important during the 
drying of the sample. All of these procedures were carried out at 4°C. The 
sample was then concentrated in vacuo below 50°C to a syrup. To remove all 
traces of pyridine, distilled water was added to the concentrate 3 times and 
it was reconcentrated after each addition. The final product was suspended in 
acidified saline solution, centrif'uged, and the supernatant was assayed by the 
pressor method. The mean recovery reported for this method was 59-Cf!/o. Share 
( 64) from the same laboratory has also reported the use of a very similar 
method of extraction followed by bioassay in the alcohol anesthetized rat in 
his studies of the effect of alterations of vascular volume on the release of 
antidiuretic hormones. 
The last new technique for concentration remaining to be 
described is paper chromatography. Schally et al. (61) described a method for 
the separation of oxytocin and vasopressin on filter paper with a solvent system 
consisting of butyl alcohol, 4 parts, acetic acid, l part, and water, 5 parts. 
This system works best with large quantities of sample and its described use 
was to separate sizable quantities of the corticoid releasing factor from other 
neurohypophyseal materials. In 1959 Arimura and Dingman ( 5) reported a rapid 
and precise method for the separation of oxytocin, vasopressin and non-specific 
antidiuretic substances from Pitressin by glass paper chromatography. The glass 
fiber paper is first impregnated with silicic acid and dried. After spotting 
the material, the chromatograph is developed in a solvent system of butyl alcohol, 
60 parts, ethyl alcohol, 30 parts, and ammonium hydroxide, 10 parts. This 
procedure gave excellent separation with oxytocin remaining at the origin, 
arginine vasopressin appearing at Rf 7 and the non-specific material going to Rf9. 
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Arimura and Dingman (6) have recently sought to combine the method of 
column chromatography for concentration and glass paper chromatography for 
separation into an assay method for vasopressin which would be responsive to 
the normal levels in circulating blood. The method as it is in current use 
in our laboratory is as follows: A blood sample is taken that is large enough 
to yield at least 20 ml. of plasma. This is divided into two equal samples of 
at least 10 ml. each. One of the samples is treated with a neutralized thio-
glycollic acid solution at body temperature for two hours to inactivate the 
vasopressin by the reduction of the disulfide bridge. After this both samples 
are treated the same and all manipulations are done at 40C. The samples are 
first added slowly with constant stirring to two times their volume of 10% 
trichloracetic acid. These aliquots are centrifuged, decanted, and the pre-
cipitate is washed once with 1/2 of the original volume of TCA and re-centrifuged. 
The washings are combined and adjusted to pH 4 with ammonium hydroxide and a 
glass electrode pH meter. The samples are then passed through a prepared 
XE-64 resin column 1 em. high. The column is washee with water and 0.25% 
acetic acid and the sample is eluted into a cystine-containing flask by a 
25 ml. volume of 30% pyridine 4% acetic acid mixture. This is rotary flash 
evaporated at 35°C to a volume of about 2 ml. This smaller volume is care:t'ully 
taken up in a pipette and transferred to a pear-Ghaped flask and lypholized 
to a volume of about 0.5 ml. The residue is streaked on a 13.5 x 19.5 em sheet 
of impregnated glass fiber paper and one side of the sheet is reserved for a 
spot of a standard. The standard used is a synthetic lysine vasopressin. 
The paper is dried, washed with acetone by decending chromatography and developed 
in a solvent consisting of butyl alcohol, 85 parts, acetic acid, 6 parts, and 
water, 16 parts. After development the portion of the chromatograph containing 
the standard is cut off and sprayed with Falin's phenol reagent which gives a 
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characteristic blue spot at the position of the LVP. As AVP is slower in its 
R f than LVP, a comparison is made and the chromatograph containing t.'le sample 
is cut from the leading edge of the LVP spot to a distance of 7 em. nearer 
to the origin. This area encompasses the entire AVP and LVP areas. This 
section is cut into small pieces and placed in 70/o ethyl alcohol acidified 
to pH 3.5 for extraction. Extraction is accomplished by stirring and allowing 
the mixture to remain over night. The extract is concentrated by flash 
evaporation and lyophilized to dryness. The residue is dissolved in Ringer's 
solution and bioassayed. It is essential in obtaining maximum recove~J that 
all transfers be most carefully made and that all glassware used be siliconized. 
The recovery of vasopressin added to plasma in quantities of 1 to 10 mU. of 
LVP per 10 ml. of plasma averaged 7&/o and ranged from 56 to 100%. 
The use of the thioglycolate-treated control enables one to 
eliminate by subtraction any pressor or antidiuretic activity ~ich is not due 
to vasopressin. Although the method of concentration and separation is the 
most complete to be presented, there is a necessity for cutting a considerable 
portion of the chromatogram and eluting it in order to obtain both AVP and LVP. 
As Angiotonin II, a pressor-antidiuretic substance, has been shown to have an 
R f close to LVP and not to be inactivated by thioglycollate, control values 
would indicate the contribution of this substance and any other non-cystine 
containing antidiuretic substances to the total response. Numerous investiga-
tions of both thioglycollate treated controls and water reagent blanks detected 
no antidiuretic activity. 
In conclusion, it should be stated that the status quo of 
our laboratorJ'S extraction, concentration and bioassay metl1od changes from 
time to time. The method ~ich we feel is the best available at the present 
moment for the measurement of true vasopressin levels, is not static and several 
investigations of current interest into solvent systems and the losses due to 
transfer may well produce modifications ~ich may be of future benefit. 
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